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(54) HYDROGEN OCCLUDING MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain 
hydrogen occluding material having a large 
hydrogen storage capacity per volume. 
SOLUTION: In this hydrogen occluding material, 
the specific surface area of amorphous carbon 
which has a layer structure including carbon 
crystallites of hydrocarbon is 400 m2/g or less, 
the ratio H/C of the number of hydrogen atom to 
that of carbon atom is in the range of 0.05-0.45, 
and hydrogen is occluded between layers of the 
carbon crystallites or between terminals of the 
^^;:.crystallites of the amorphous carbon. Further, in 
*order to increase the hydrogen storage capacity 
per volxmie, it is desirable to make the interlayer 
distance d002 of the face (002) of the amorphous 
carbon 0.4 nm or more, to use the amorphous 
carbon which is obtained by executing heat 
treatment of raw coke produced fi'om high 
molecular compoimds, natural polymers, 
petrolexmi or coal, at the temperature of 500-900°C, to execute the heat treatment in an 
inactive atmosphere and so on. 
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[Claim(s)] 

[Claim 1] the specific surface area of the amorphous carbon of the layer structure 
containing the carbon microcrystal of a hydrocarbon ~ below 400m2/g ~ it is ~ the ratio 
of the number of hydrogen atoms, and a carbon atomic number — the hydrogen 
absorption ingredient characterized by H/C being in or more 0.05 0.45 or less range, and 
coming to carry out occlusion of the hydrogen between the carbon microcrystal layers of 
this amorphous carbon, or between microcrystal ends. 

[Claim 2] The hydrogen absorption ingredient according to claim 1 characterized by the 
distance between carbon microcrystal layers of said amorphous carbon being 0.4nm or 
more. 

[Claim 3] Said amorphous carbon is a hydrogen absorption ingredient according to claim 
1 or 2 which heat-treats one sort or two sorts or more of ingredients chosen fi-om the raw 
coke obtained fi"om a high molecular compound, naturally-ocurring polymers, petrolexmi, 
or coal in 500-degree-C or more temperature requirement 900 degrees C or less, and is 
obtained. 

[Claim 4] It is the hydrogen absorption ingredient according to claim 3 characterized by 
performing said heat treatment under an inert atmosphere. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the hydrogen absorption ingredient 
which comes to carry out occlusion of the hydrogen to a carbonaceous ingredient in more 
detail about a hydrogen absorption ingredient. 



[0002] 

[Description of the Prior Art] Hydrogen is an important chemistry raw material used for 
synthetic chemistry industry, petrolexim refining, etc. so much. On the other hand, in 
order to solve future energy problems and environmental problem, it is thought that the 
hydrogen use technique as clean energy occupies an important location, and researches 
and developments are actively furthered in every direction of hydrogen manufacture, 
storage and transportation, and a conversion technique. In the occlusion and the 
transportation technique of hydrogen, the so-called hydrogen storing metal alloy is 
considered to play main roles except for very large-scale objects, such as a hydrogen 
tank. It is required that hydrogen should be especially supplied to a cell etc. in migration 
media, such as a fiiel cell powered vehicle. 

[0003] It is because it is not adapted to such a demand with the high-pressure hydrogen 
chemical cylinder or liquefaction hydrogen bomb which are the existing technique. 
Although it is an alloy, when degradation (the pulverization of an alloy and structural 
change) by the weight (the amount of occlusion per unit weight is small) of a reason and 
the repeat of occlusion-emission and a rare metal are included also in the hydrogen 
storing metal alloy considered to be the leading role in such a scene, the technical 
problem which should be conquered has much the resource reservation etc. 
[0004] Under such a background, the activated carbon more than 1000m2/g has been 
proposed for specific surface area as a hydrogen absorption ingredient with the 
lightweight and abimdant amounts of resources (refer to Patent Publication Heisei No. 
504394 [ eight to ] official report). 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the hydrogen absorption 
ingredient which consists of activated carbon has the low bulk density of activated 
carbon, there are comparatively few hydrogen storage capacities per volume. Therefore, 
for example, when it used as fuel sources of an automotive fuel cell, there was a problem 
that sufficient mileage was not obtained. 

[0006] The technical problem which is going to solve this invention is to be able to 
expect the use as fuel sources of such an automotive fuel cell etc., utilize a carbon 
material with the lightweight and abimdant amounts of resources, and offer a hydrogen 
absorption ingredient with the big hydrogen storage capacity per volume. 
[0007] 

[Means for Solving the Problem] the specific surface area of the amorphous carbon of the 
layer structure with which the hydrogen absorption ingredient of this invention according 
to claim 1 contains the carbon microcrystal of a hydrocarbon in order to solve this 
technical problem - below 400m2/g — it is - the ratio of the mmiber of hydrogen atoms, 
and a carbon atomic number - H/C is in or more 0.05 0.45 or less range, and makes it a 
summary to come to carry out occlusion of the hydrogen between the carbon microcrystal 
layers of this amorphous carbon, or between microcrystal ends. 
[0008] The carbon microcrystal of the above-mentioned amorphous carbon mainly 
consists of a hydrocarbon, it has the six membered ring reticulated planar structure, and 
the part has the same layer structure as a crystal-like graphite. Moreover, the end of the 
above-mentioned microcrystal will be together joined by hydrogen to carbon, and 
occlusion of the hydrogen content child will be carried out also to the mold cavity formed 
between the ends of carbon microcrystal. For this reason, compared with the activated 



carbon with which occlusion of the hydrogen is carried out to a carbon front face by the 
conventional physical adsorption, the amorphous carbon concerning this invention can 
carry out occlusion of more hydrogen. 

[0009] In this case, specific surface area of the amorphous carbon of this invention was 
made or less [ 400m ] into two. Since it is small compared with usual activated carbon, 
bulk density becomes large and this value can make [ many ] the hydrogen storage 
capacity per volume. 

[0010] moreover, the ratio of the number of hydrogen atoms in amorphous carbon, and a 
carbon atomic number — when H/C (the number of hydrogen atoms / carbon atomic 
number) becomes smaller than 0.05, there is a possibility that the hydrogen storage 
capacity generated in the end of carbon microcrystal at the time of hydrogen absorption 
may become small. On the other hand, if H/C (the number of hydrogen atoms / carbon 
atomic number) exceeds 0.45, the carbonaceous six membered ring reticulated planar 
structure will become extremely small, and hydrogen absorption sites will decrease in 
number. 

[001 1] And in this invention, a thing [ that the distance between carbon microcrystal 
layers of said amorphous caibon is 0.4nm or more ] according to claim 2 is [ like ] 
desirable. 

[0012] When the distance between layers sets to 0.4nm or more, between layers, 
occlusion of the hydrogen content child is carried out smoothly, and the amount of 
occlusion increases. Although there is no limit in the upper limit of the distance between 
layers, composition of the carbon which generally has between layers 0.6nm or more is 
difficult. 

[0013] Moreover, in this invention, said amorphous carbon is obtained as a suitable thing 
like by heat-treating one sort or two sorts or more of ingredients chosen from the raw 
coke according to claim 3 obtained from a high molecular compoimd, naturally-ocurring 
polymers, petroleum, or coal in 500-degree-C or more temperature requirement 900 
degrees C or less. 

[0014] Since the carbon condensed ring used as the site which carries out occlusion of the 
hydrogen does not generate when the above-mentioned heat treatment temperature is less 
than 500 degrees C, a hydrogen storage capacity will fall greatly. Moreover, when the 
above-mentioned heat treatment temperature exceeds 900 degrees C, H/C mentioned 
above becomes smaller than 0.05, and there is a possibility that the amoimt of occlusion 
generated in the end of carbon microcrystal at the time of hydrogen absorption may 
become small. The nmiimum of still more desirable heat treatment temperature is 600 
degrees C, and an upper limit is 800 degrees C. 

[0015] A thing [ performing the above-mentioned heating in an inert atmosphere like in 
this invention ] according to claim 4 is still more desirable. Thereby, oxidation of a 
carbon raw material can be prevented and amorphous carbon can be obtained. In 
addition, as the above-mentioned inert atmosphere, the ambient atmosphere which 
consists of a vacuimi ambient atmosphere, rare gas, and N2 grade can be mentioned, for 
example. Moreover, although especially the desirable time amoimt of heating is not 
limited, especially the range of for [ 30 minutes ] - 8 hours is desirable also in it. 
[0016] 

[Embodiment of the Invention] The example of this invention is explained below at a 
detail. 



[0017] (Example 1) {Y. which compoxinded poly acene system oligomer using the 
Rigaku high-pressure reactor by the high pressure polymerization (0. IGPa, 250 degrees 
C, 5h) of diphenyl diacetylene Kojima, M.Tsuji, T.Matsuoka, H.Takahashi, 
Macromolecules, 27, 3735(1994)}. The oligomer obtained in this way was set to the 
electric furnace, heat-treatment of 5 hours was performed with the sink at the 
programming rate of 20 degrees C / min, and each temperature of 600,800 degrees C, and 
natural radiationnal cooling of the Ar gas of 11. / min was carried out after that. The 
obtained amorphous carbon was put into the container made from agate, and was ground. 
[0018] (Example 1 of a comparison) Three kinds (trade name: MIS, M20, M30) of 
activated carbon of Osaka Gas chemical ** was used. 

[0019] Since specific surface area and a hydrogen storage capacity were measxjred about 
two kinds (600 degrees C, 800 degrees C) of amorphous carbon of the above-mentioned 
example 1, and three kinds (trade name: Ml 5, M20, M30) of activated carbon of the 
example 1 of a comparison, the result is shown in Table 1 . In this case, for measurement 
of specific surface area, it computed with the BET adsorption method using the 
Ohkurariken make and automatic specific-surface-area measuring device SIGMA-V. 
[0020] Moreover, the Suzuki trading house PCT property measuring device was used for 
measurement of a hydrogen storage capacity. The sample eel with a volume of 5.3 cc was 
connected to the standard cell (26.3 cc) through the bulb, and after this equipment 
checked that close [ of a sample ] carried out several blank tests by putting a pressure on 
the eel which is not for 10 hours, and did not have leakage next, it put the sample (0.3- Ig 
(0.3-1 cm3)) in the sample eel, and heated it for 30 minutes at 10-3torr and 150 degrees C. 
After heating, after reducing the temperature of a sample eel to a room temperature, 
hydrogen was introduced into the sample eel from the standard cell (pressure: 5MPa). 
And from the pressure variation after hydrogen installation, the hydrogen storage 
capacity in a sample was calculated by coimt. In addition, the experiment was conducted 
at the room temperature (25 degrees C). 
[0021] 
[Table 1] 



[0022] as shown in Table 1, the specific-surface-area value of the amorphous carbon of 
this invention was alike and small compared with the activated carbon of the example of 
a comparison, and at most 20- 100m thing which it is about 2/g, and the hydrogen storage 
capacity of amorphous carbon becomes more than twice compared with activated carbon, 
and is excelled in a hydrogen absorption property became clear. 
[0023] (Example 2) The poly acene system oligomer compounded in the example 1 was 
set to the electric furnace, heat-treatment of 5 hours was performed with the sink at the 
programming rate of 20 degrees C / min, and the temperature of 300-900 degrees C, and 
natural radiationnal cooling of the Ar gas of 11. / min was carried out after that. 
Moreover, using a resistance heating type vacuum pressure-sintering fiimace as a thing of 
another heat history, 1000-2200 degrees C performed heat-treatment of 5 hours for the 
poly acene system oligomer compounded in the example 1, and what carried out natural 
radiationnal cooling was prepared as an object for a comparison. 
[0024] (Example 3) It replaced with poly acene system oligomer, and Polly P-phenylene 
(???) was used as a generation raw material of amorphous carbon. Kovacic shown in the 
reaction fomiula (1) having shown this ?olly ?-phenylene (???) in next ** 1 - it 
compoimded fi-om benzene by law ~ {— P. — Kovacic, A.Kyriakis, J.Am.Chem.Soc., and 
85 454(1963)}. Compounded ??? is obtained with a powder-like gestalt. And this ??? 
was set to the electric fiimace, heat-treatment of 1 hour was performed with the sink at 
the programming rate of 20 degrees C / min, and 620,700 degrees C, and natural 
radiationnal cooling of the H2 gas of 11. / min was carried out after that. 
[0025] 
[Formula 1] 



[0026] (Example 4) In 400 degrees C, the pyrolysis of the petroleum system heavy oil 



was carried out, and it considered as raw coke. Then, this raw coke was ground in mean 
particle diameter of 30 micrometers, and particle-like raw coke was obtained. Next, this 
raw coke was set to the electric furnace, heat-treatment of 1 hour was performed with the 
sink at the programming rate of 20 degrees C / min, and each temperature of 450-900 
degrees C, and natural radiationnal cooling of the Ar gas of 11. / min was carried out after 
that. Moreover, what performed heat-treatment of 1 hoxir for raw coke at 1000-2200 
degrees C was prepared as an object for a comparison, using a resistance heating type 
vacuum pressure-sintering fumace as a thing of another heat history. 
[0027] Next, these carbon obtained according to the above-mentioned examples 2-4 was 
put into the container made from agate, and was ground, and the hydrogen storage 
capacity by the above-mentioned PCT property measuring device was calculated. The 
relation between a hydrogen storage capacity and heat treatment temperature is shown in 
drawing 1 . Heat treatment temperature (degree C) was taken on the axis of abscissa, and 
the hydrogen storage capacity (vol%) is taken on the axis of ordinate. 
[0028] The thing (example 2) using poly acene system oligomer is in an inclination with 
most hydrogen storage capacities so that drawing 1 may show. Consequently, as heat- 
treatment-temperature range Poly acene system oligomer (example 2), Polly P-phenylene 
(example 3), And in any [ of petrolexmi raw coke (example 4) ] case, it is more than 
0.18vol%, and it increases the hydrogen storage capacity of the amorphous carbon 
obtained by heat-treating at 500-900 degrees C compared with activated carbon so that it 
may turn out that it compares with the data of Table 1 . 

[0029] (Example 5) The H/C ratio (ratio of the number of hydrogen atoms and a carbon 
atomic number) obtained by heat treatment of the poly acene system oligomer shown in 
examples 2-4, heat treatment of Polly P-phenylene, and heat treatment of petroleum raw 
coke produced a variously different amorphous carbon ingredient. And the number of 
hydrogen atoms in these carbon and the carbon atomic number were measured with the 
elemental-analysis equipment made from PerkinElmer (Model-240C), and also about the 
amoxmt of hydrogen in the carbon with which heat treatment temperature was obtained 
above 1000 degrees C, it is the approach based on JISZ2614, and asked for them using 
Horiba EMGA621 based on an inert gas heat-of-fusion electric conductivity method. 
[0030] After such elemental analyses dry a sample at 120 degrees C for about 5 hours, 
they are sampled in an aluminum cup in an argon ambient atmosphere, and are performed 
from the weight of C02 gas produced by combustion by calculating a hydrogen content 
from the weight of H20 which generates a carbon content again. 
[003 1] The relation between H/C of amorphous carbon and a hydrogen storage capacity 
is shown in drawing 2 as the result. The H/C ratio was taken on the axis of abscissa, and 
the hydrogen storage capacity (vol%) is taken on the axis of ordinate. Consequently, 
although the thing using poly acene system oligomer shows too that there are most 
hydrogen storage capacities in the range where a H/C ratio is large from drawing 2 , in 
any [ of poly acene system oligomer, Polly P-phenylene, and petroleum raw coke ] case, 
the H/C ratio shows that a hydrogen storage capacity becomes more than 0. 1 8vol%, and 
increases compared with activated carbon with or more 0.05 0.45 or less amorphous 
carbon. 

[0032] (Example 6) The H/C ratio chose the thing of 0.43-0.45 in each heat treatment 
article of the poly acene system oligomer created in the example 5, Polly P-phenylene, 
and petroleum raw coke, and the thing and H/C ratio of 0.17-0.19 found the distance 



between layers of these amorphous carbon (d002) xising the Rigaku wide angle X-ray 
diffractometer (RAD-B). When the carbon of measurement of the spacing (d002) of the 
field by the wide angle X diffraction (002) is powder, as it is, disintegration of the minute 
piece-like case is carried out with an agate mortar, it makes a line source CuKalpha 
monochrome-ized by the click and the graphite monochromator to the sample cell made 
from glass, and performs it by measuring a wide angle X diffraction cxirve on the strength 
with reflective type diffractometer. And d002 was calculated by the several 1 following 
Bragg equation from the wavelength lambda of include-angle 2theta in which a curve has 
a peak, and CuK alpha rays. 
[0033] 
[Equation 1] 



[0034] The relation between the distance between layers (nm) of the field (002) of 
amorphous carbon and a hydrogen storage capacity (vol%) is shown in drawing 3 as the 
result. d002 (distance between layers) was taken on the axis of abscissa, and the hydrogen 
storage capacity (vol%) is taken on the axis of ordinate. Consequently, although the one 
where a H/C ratio is lower than drawing 3 shows that there are many high hydrogen 
storage capacities in the range where the distance between layers of d002 is broad, 
further, the H/C ratio in amorphous carbon increases [ using activated carbon rather than / 
distance / between layers / hydrogen storage capacity / of a thing 0.4nm or more / 0.45 / 
or less / 0.05 or more ], and, as for the predominance, the distance between layers is not 
accepted by the thing 0.3 5nm or less. 

[0035] Alterations various in the range which is not limited to the above-mentioned 
gestalt of operation at all, and does not deviate from the meaning of this invention are 
possible for this invention. For example, although the raw coke from poly acene system 
oligomer, Polly P-phenylene (PPP), or petroleum system heavy oil was used as a 
generation raw material of amorphous carbon with the gestalt of the above-mentioned 
implementation, it is clear fix)m the meaning of invention that the other natural high 
molecular compound, naturally-ocurring polymers, or coal system raw coke can be used. 
[0036] 

[Effect of the Invention] Since the hydrogen absorption ingredient of this invention 
carries out occlusion of the hydrogen to the amorphous carbon according to claim 1 
which whose specific surface area is below 400m2/g, and has a H/C ratio in the range of 
0.05-0.45 like, it can increase the hydrogen storage capacity per volume rather than the 
thing using conventional activated carbon. Therefore, not only safety is high, but 
applying this hydrogen absorption ingredient to the fael sources (hydrogen source of 
supply) in fiiel cell systems, such as a source of mounted power or a small electric organ, 
does so the effectiveness that generating duration is extensible etc. 
[0037] Moreover, by [ according to claim 2 ] setting distance between carbon 
microcrystal layers of amorphous carbon to 0.4nm or more, or using [ like ] the 
amorphous carbon according to claim 3 which heated the high molecular compound etc. 
at 500 degrees C - 900 degrees C, and was obtained like, fiirther, by [ according to claim 
4 ] performing the heating under an inert atmosphere, increase can plan a hydrogen 
storage capacity and the effectiveness of this invention will become still larger like. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is drawing having shown the relation between the heat treatment 
temperature of the amorphous carbon generate time concerning this invention, and the 
hydrogen storage capacity of the obtained amorphous carbon. 
[Drawing 21 It is drawing having shown the relation of the H/C ratio of amorphous 
carbon and hydrogen storage capacity conceming this invention. 

FDravying 31 It is drawing having shown the relation of the distance between d 002 layers 
and the hydrogen storage capacity of the amorphous carbon conceming this invention. 
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